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Silver Staining for Elucidation of the Synlophe in
Trichostrongyle Nematodes
Alexander V. Khrustalev and Eric P. Hoberg,*K.I. Skrjabin Institute of Helminthology, Central Helminthological Museum, BoI'shaya Cheryomushinskaya,
28, 117 259 Moscow, M-259, Russia; *Biosystematics and National Parasite Collection Unit, USDA, Agricultural Research Service, BARC East Building
1180, 10300 Baltimore Avenue, Beltsville, Maryland 20705-2350
ABSTRAcr: Staining techniques are relatively rare in the study of par-
asitic nematodes. A novel siIver-staining method is described for elu-
cidation of the synlophe (a system of longitudinal cuticular ridges), a
character of great systematic importance among the trichostrongyloid
nematodes. Ridges are stained opticaIly black and appear in great con-
trast to the body of the nematode. This method augments current use
ofinterference contrast for examination of the synlophe. Detailed stud-
ies of the configuration of the synlophe in entire specimens are possible
with standard light microscopy for the first time.
The synlophe, a system of longitudinal cuticular ridges, is a
characteristic structure among the trichostrongyloid nematodes
(equivalent to the suborder Trichostrongylina ofDurette-Desset
and Chabaud [1993]). Application of the synlophe as a mor-
phological character in systematics was introduced by Durette-
Desset (1964) in research on heligmosome nematodes and later
refined in exhaustive studies among families of the Tricho-
strongyloidea (see Durette-Desset, 1985). These studies were
based principally on evaluation of transverse sections, concen-
trating on enumeration, structure, relative dimensions, height,
and orientation ofridges in the midbody region (Durette-Desset,
1983). This basic approach was modified by Lichtenfels (1977)
for species of Cooperia Ransom, 1907 and later other trichos-
trongylids. The synoptic method detailed traditional characters
but also emphasized the specific patterns of ridges ventrally and
laterally in the cervical zone (anterior to the base of the esoph-
agus) , and their posteriad extent in males and females (Lich-
tenfels and Pilitt, 1983; Lichtenfels et al., 1988). Documentation
of these characters has become standard practice in taxonomy
and systematics of the Ostertagiinae and related nematodes of
the family Trichostrongylidae (see Hoberg et al., 1993; Hoherg
and Lichtenfels, 1994).
Although the configuration and pattern of the synlophe, par-
ticularly in the cervical region, could be studied in whole-mount-
ed nematodes with standard transmitted light microscopy, fine
details of structure were often obscure. Consequently, differ-
ential interference-contrast and scanning electron microscopy
have commonly been used to elucidate the synlophe in entire
specimens. However, these later methods often are not readily
available in many laboratories. In the present report, we provide
a simple, reliable, and rapid technique for staining of the syn-
* To whom correspondence should he addressed.
lophe, which augments and may replace the use of interference-
contrast optics.
Stains have not been in general use for studies of nematodes
(see Pritchard and Kruse, 1982), although there have been sorne
specialized applications (Hooper, 1986). Where silver stains have
been applied in comparative morphology, they have been used
to differentiate internai and neural tissues (Croll and Maggenti,
1968) and sorne cuticular attributes in freeliving and plant-
parasitic nematodes (Bedding, 1968; Rodriguez-Kabana and
King, 1976). Additionally silver nitrate staining has heen used
to augment examination of sensory structures with scanning
electron microscopy (Vanderburgh et al., 1987). In the present
paper we describe a technique in which a silver stain is used
specifically to enhance definition of the synlophe in entire spec-
imens of trichostrongylid nematodes.
Intact specimens may be processed from solutions ofbuffered
10% formalin, 70% ethanol, alcohol-formalin-acetic acid, and
other preservatives or fixatives. Specimens must first be hy-
drated, then are passed through a series ofreagents. The process
for a typical ostertagiine nematode, e.g., Camelostrongylus men-
tulatus (Railliet and Henry, 1909) is as follows at approximately
20 C: (1) wash in distilled H20; (2) incubate in 1.0% solution
of NaCI for a minimum of 15 min; (3) stain in 0.2% solution
ofsilver nitrate, e.g., 100 mg AgN03 in 50 ml H20 for minimum
of 5-30 sec; (4) wash in distilled water 30 sec; (5) place in
photographie developer, e.g., Dektol diluted at 4 H20 : 1 stock
solution, for 5-20 sec; (6) wash in distilled water 1-2 sec; (7)
differentiate in photographic fixative for 30 sec; and (8) wash
in distilled water 10 sec prior to mounting. Commonly used
mounting media include water, lactophenol, or phenol alcohol.
Following rehydration, the stain can he removed by using an
aqueous solution of 1% potassium cyanoferrate (K3Fe[CNJ6)'
and the specimens can then be returned to fixative.
The timing ofperiods for washes and retention in each of the
reagents are variable; fresh reagents should be prepared daily.
It is requisite that specimens he retained in NaCI for a minimum
of 15 min, because the presence of chloride ions is essential for
reactions that result in the deposition of silver on the cuticle of
the nematode. Small specimens, e.g., males among species of
Ostertagia Ransom, 1907, may be passed through silver nitrate
and fixative for a maximum of 5-10 sec, whereas sorne larger
specimens, e.g., species of Haemonchus Cobb, 1898 and Ne-
matodirus Ransom, 1907, may require a longer period for max-
-FIGURES 1-9. A comparison of the synlophe in specimens of Came/ostrongy/us mentu/atus and Ostertagia ostertagi, as observed with light
microscopy (LM; Figs. 1 and 4), interference-contrast microscopy (IC; Figs. 2 and 5), and silver staining (8; Figs. 3, 6-9). Scale bars = 25 /lm for
Figures 1-8 with same scale bars for Figures 1-6, 7, and 8; 50/lm for Figure 9.1-3. Cephalic region ofe. mentu/atus in lateral view showing
termination of synlophe (pointers) in LM (Fig. 1), IC (Fig. 2), and with S (Fig 3). 4, S. Cervical zone of e. mentu/atus in lateral view near level
of cervical papilla in LM (Fig. 4), IC (Fig. 5), and 8 (Fig. 6). 7-9. Synlophe in O. ostertagi in specimen prepared with silver stain, showing lateral
view of posterior cervical region (Fig. 7); lateral view of region anterior to copulatory bursa in male (Fig. 8); and lateral view of copulatory bursa
showing pattern of termination of ridges in the ventral field (Fig. 9).
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imum staining. Optimum results are achieved with careful at-
tention to the concentration of NaCI and AgN03 and the du-
ration of exposure in these reagents.
The ridges in specimens prepared in this manner are optically
black and appear in great contrast to the body of the nematode
as shown in specimens ofC. mentulatus and Ostertagia ostertagi
(Stiles, 1892) (Figs. 1-9). The transverse striations, typical of
many trichostrongyles, are also strongly highlighted. This tech-
nique is particularly useful for examining ridges near their an-
terior termination at the base of the cephalic expansion (Figs.
1-3) and for patterns in the cervical zone (Figs. 4-7). The entire
synlophe is stained, promoting detailed examination of the pos-
teriad extent of the ridges in males and females (Figs. 8, 9).
Characters may be revealed with this method that are otherwise
difficult to observe using either standard or interference-contrast
Iight microscopy and as such will substantially augment the
study of the synlophe in entire specimens as currently practiced.
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